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A b s t r a c t .  C o m p o s i t e  m a t e r i a l  i s  w i d e l y  u s e d  i n  m o d e r n  s t r u c t u r e s .  M a n y  r e s e a r c h e r s  
h a v e  b e e n  i n v o l v e d  i n  s t u d y i n g ,  d e v e l o p i n g  a n d  a p p l y i n g  t h i s  k i n d  o f  m a t e r i a l .  T h e  
c o m p o s i t e  m a t e r i a l  o f  s p h e r i c a l  p a r t i c l e s  i s  a  m a t e r i a l  c o m p o s e d  o f  c o n t i n u o u s  m a t r i x  
p h a s e  a n d  s p h e r i c a l  · p a r t i c l e s .  I n  m o d e r n  t e c h n i q u e ,  i t  i s  v e r y  n e c e s s a r y  t o  c o n s i d e r  t h e  
i n f l u e n c e  o f  t e m p e r a t u r e  o n  t o u g h n e s s  a n d  s t a b i l i t y  o f  s t r u c t u r e s .  T h e r e f o r e ,  d e t e r m i n i n g  
t h e  c o e f f i c i e n t  o f  t h e r m a l  e x p a n s i o n  o f  c o m p o s i t e  a s  a  f u n c t i o n  o f  t h e  c o e f f i c i e n t s  a n d  
v o l u m e  f r a c t i o n s  o f  m a t r i x  a n d  p a r t i c l e  p h a s e s  i s  a  p r a c t i c a l  r e q u i r e m e n t .  I n  t h i s  p a p e r .  
w e  w o u l d  l i k e  t o  i n t r o d u c e  a n  a l t e r n a t i v e  d e r i v a t i o n  m e t h o d  i n  o r d e r  t o  o b t a i n  t h e  t h e r m a l  
e x p a n s i o n  c o e f f i c i e n t  o f  t w o - p h a s e  c o m p o s i t e  o f  s p h e r i c a l  p a r t i c l e s .  O u r  r e s u l t s  a r e  t h e  
s a m e  a s  V a n i n ' s  a n d  o t h e r  a u t h o r s ' .  
1 .  I N T R O D U C T I O N  
T h e r m a l  e x p a n s i o n  b e h a v i o u r  c a n  b e  i m p o r t a n t  w h e n  c o m p o s i t e  m a t e r i a l s  a r e  u s e d  i n  
c o n j u n c t i o n  w i t h  o t h e r  m a t e r i a l s  a n d  w h e n  i t  i s  n e c e s s a r y  t o  m a t c h  t h e  t h e r m a l  e x p a n s i o n  
c o e f f i c i e n t  o f  o n e  s t r u c t u r a l  c o m p o n e n t  w i t h  a n o t h e r .  
A m o n g  t h e  k i n d s  o f  c o m p o s i t e  m a t e r i a l ,  p a r t i c l e - r e i n f o r c e d  m a t e r i a l  i s  a n  i m p o r t a n t  
o n e .  M a n y  r e s e a r c h e r s  h a v e  b e e n  i n v o l v e d  i n  d e t e r m i n i n g  t h e  e f f e c t i v e  t h e r m a l  e x p a n s i o n  
c o e f f i c i e n t  o f  t h i s  k i n d  o f  c o m p o s i t e ,  e s p e c i a l l y  c o m p o s i t e  o f  s p h e r i c a l  i n c l  u s  i o n s  [ 7 ] .  
L e v i n  [ 8 ]  s h o w e d  t h a t  a  s i m p l e  r e l a t i o n s h i p  b e t w e e n  t h e  e f f e c t i v e  e x p a n s i o n  c o e f f i c i e n t s  
a n d  t h e  e f f e c t i v e  e l a s t i c  m o d u l i  c o u l d  b e  d e r i v e d  f o r  t w o - p h a s e  m a t e r i a l s  u s i n g  t h e  t h e r m o -
e l a s t i c  s t r e s s - s t r a i n  r e l a t i o n s .  F o r  a n  i s o t r o p i c  c o m p o s i t e  w i t h  t w o  i s o t r o p i c  p h a s e s  t h e  
b a s i c  r e l a t i o n s h i p  c a n  b e  w r i t t e n  i n  f o r m  
a 1  - a 2  1  _ ! _ _  
a * =  a +  r  ,  K *  - ( K )  '  
[  
- 1  
( 1 . 1 )  
w h e r e  a
1
,  a
2  
a r e  t h e  l i n e a r  t h e r m a l  e x p a n s i o n  c o e f f i c i e n t s  o f  t h e  t w o  p h a s e s ,  K 1 ,  K 2  a r e  
t h e i r  b u l k  m o d u l i ,  K *  a n d  a *  t h e  e f f e c t i v e  b u l k  m o d u l u s  a n d  e f f e c t i v e  t h e r m a l  e x p a n s i o n  
c o e f f i c i e n t  o f  c o m p o s i t e ,  a n d  t h e  b a r s  o v e r  t h e  s y m b o l s  i n d i c a t e  v o l u m e  a v e r a g e s .  
I f  o n e  o f  t h e  phas~s i s  a  f l u i d  ( o r  a  l o w  s h e a r  m o d u l u s  m a t r i x )  a n d  t h e  o t h e r  c o n s i s t s  
o f  r i g i d  p a r t i c l e s ,  m e c h a n i c a l  i n t e r a c t i o n s  r e p r e s e n t e d  b y  t h e  f i n a l  t e r m  o f  (  1 . 1 )  c a n  b e  
' \  
. _ . ,  
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neglected 
(1.2) 
where Vi, Vi are the volume fractions of phases and it follows from equat!on (1.1) the 
simple rule of mixture 
(1.3) 
For a dilute suspension in which spherical particles with bulk modulus Ki are dispersed 
in a matrix with bulk modulus K2 and shear modulus µ2, we can use Hashin's relation 
for effective bulk modulus as follows [1]. 
(1.4) 
This relation may be expected to apply when the volume fraction of particles V1 does not 
exceed a few percent. 
From equations (1.1) and (1.4) we obtain 
* (a1 - a2)K1(3K2 + 4µ2)Vi (1.S) 
Q = Q 2 + K2(3K1 + 4µ2) + (K1 - K2)(3K2 + 4P,2)Vi. 
For higher particle concentrations, Hashin obtained the exact relation for the effective 
bulk modulus of this system [1] 
K* = K2 + (K1 - K2) (3K2 + 4µ2) 
3K1+4µ2+3(K2 - Ki)Vi 
Subsituting (1.6) in Levin's equation (1.1), we obtain the relation 
* (a2 - a1)K1(3K2 + 4µ2)Vi · 
Q = CY2 - -------------
K2(3K1+4µ2) + 4(K1 - K2)µ2 Vi 
This relation can also be obtained from the expressions given by Kerner [7]. 
Using the relationships 
K= E 
3(1 - 2v)' 
E 
µ = 2(1 + v) 
equation (1. 7) can be written in the form 
(1.6) 
(1. 7) 
a* = a
2 
_ (a2 _ ai) 3(Ei/ E2)(l - v2)Vi (Ei/E2)[2Vi(l - 2v2) + (1+v2)]+2(1- 2v1)V2 (1.S) 
which corresponds with the relations obtained by Fahmy and Ragai [6]. These two au-
thors derived equation ( 1.8) from ' a consideration the difference between linear strains at 
interfaces in a composite sphere. 
Assuming homogeneous strain throughout the composite and using a balance of in-
ternal average stresses, Turner suggested thermal expansion coefficient of two-phase com-
posite taking into account the stress interaction between phases as follows. 
Kia1 Vi+ K2a2Vi Ka 
a*=-------
K1 Vi + K2 Vi K . (1.9) 
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E m p l o y i n g  e x t r e m u m  p r i n c i p l e s  o f  t h e r m o e l a s t i c i t y  a n d .  t a k i n g  i n t o  a c c o u n t  t h e  s t r e s s  i n -
t e r a c t i o n  b e t w e e n  c o m p o n e n t s ,  S c h a p e r y  h a s  d e r i v e d  t h e  f o l l o w i n g  r e l a t i o n  f o r  t h e  t h e r m a l  
e x p a n s i o n  c o e f f i c i e n t  o f  c o m p o s i t e  m a t e r i a l  
*  ( 1 /  I C )  - ( 1 /  K 1 )  
a  =  a 1  +  ( a 2  - a 1 )  ( l / K
2
)  _  ( l / K i ) .  
( 1 . 1 0 )  
F i n a l l y ,  w e  d i s c u s s  a b o u t  V a n i n ' s  d e r i v a t i o n  [ 2 ] .  A c c o r d i n g  t o  E s h e l b y ' s  f o r m u l a  [ 1 ] ,  t h e  
e n e r g y  o f  c o m p o s i t e  m a t e r i a l  o f  s p h e r i c a l  p a r t i c l e s  i s  g i v e n  a s  f o l l o w s  
1  f f  0  0  
U  =  U o  +  2 ( o - i u i  - o - i  u i ) d S ,  
( 1 . 1 1 )  
S i  
w h e r e  S i  i s  t h e  s u r f a c e  o f  s p h e r i c a l  p a r t i c l e s ,  (  O - i ,  u i )  - t h e  s t r e s s e s  a n d  d i s p l a c e m e n t s  
o f  c o m p o s i t e  a n d  ( a - ? ,  u ? )  t h e  s t r e s s e s  a n d  d i s p l a c e m e n t s  o f  h o m o g e n e o u s  e l a s t i c  m a t e r i a l .  
F u n d a m e n t a l l y ,  u s i n g  t h i s  e n e r g y  r e l a t i o n  V a n i n  o b t a i n e d  t h e  t h e r m a l  e x p a n s i o n  c o e f f i c i e n t  
o f  t w o - p h a s e  c o m p o s i t e  m a t e r i a l  a s  f o l l o w s  
( 3 *  =  ( 3
2  
_  ( ( 3
2  
_  ( 3
1
)  ~K1(3K2 +  4 G 2 )  .  
3 K 1 K 2  +  4 G 2  [  ~K1 +  ( 1  - O K 2 ]  
( 1 . 1 2 )  
N e v e r t h e l e s s ,  t h e  d i s p l a c e m e n t  f i e l d  s e l e c t e d  b y  V a n i n  i s  r e l a t i v e l y  c o m p l e x .  
A t  p r e s e n t  w o r k ,  w e  w o u l d  l i k e  t o  i n t r o d u c e  a n  a l t e r n a t i v e  m e t h o d  o f  d e r i v a t i o n  i n  o r d e r  
t o  g i v e  t h e  e f f e c t i v e  t h e r m a l  e x p a n s i o n  c o e f f i c i e n t  o f  t w o - p h a s e  c o m p o s i t e  o f  s p h e r i c a l  
p a r t i c l e s .  O u r  d e r i v a t i o n  i s  b a s e d  o n  t h e  t h e o r y  o f  t h e r m o - e l a s t i c i t y  a n d  b r o a d e n n i n g  
r e s u l t s  o f  L a m e  p r o b l e m  t a k i n g  i n t o  a c c o u n t  t h e  i n f l u e n c e  o f  t e m p e r a t u r e  [ 3 ] .  O u r  r e s u l t s  
c o i n c i d e  w i t h  r e l a t i o n s  o b t a i n e d  b y  V a n i n ,  H a s h i n ,  K e r n e r ,  F a h m y  a n d  R a g a i .  
2 .  T H E  P R O B L E M  
I n v e s t i g a t i n g  c o m p o s i t e  m a t e r i a l  o f  s p h e r i c a l  p a r t i c l e s  i s  d e r i v e d  b y  c o n s i d e r i n g  a  r e p -
r e s e n t a t i v e  v o l u m e  e l e m e n t  h a v i n g  f o r m  o f  a  s p h e r e  c o n t a i n e d  i n  a  c u b e .  A c c o r d i n g  t o  
c o m p o s i t e  s p h e r e s  m o d e l  s u g g e s t e d  b y  H a s h i n  [ 1 ] ,  t h e  o u t e r  c u b e  i s  e s t i m a t e d  b y  a  s p h e r e  
h a v i n g  t h e  s a m e  v o l u m e .  T h i s  m o d e l  g i v e  u s  a  s o l i d  s p h e r e  c o v e r e d  b y  a  s p h e r i c a l  s h e l l .  
I n n e r  s o l i d  s p h e r e  r e p r e s e n t s  p a r t i c l e  p h a s e ,  w h e r e a s  o u t e r  s p h e r i c a l  s h e l l - m a t r i x  p h a s e .  
W e  a s s u m e  t h a t  p a r t i c l e  a n d  m a t r i x  p h a s e s  a r e  m a d e  o f  i s o t r o p i c  h o m o g e n e o u s  e l a s t i c  
m a t e r i a l s ,  m o r e o v e r ,  t h e  r a d i i  o f  p a r t i c l e s  a r e  t h e  s a m e .  C o n s e q u e n t l y ,  p r e s e n t  p r o b l e m  
c a n  b e  p o s e d  a s  f o l l o w s .  
L e t  u s  c o n s i d e r  a  h e t e r o g e n e o u s  s p h e r e  t h a t  c o r e  s p h e r e  (  0  : : S  r  : : S  a )  a n d  s p h e r i c a l  
s h e l l  ( a  : : S  r  : : S  b )  a r e  h o m o g e n e o u s  m a t e r i a l s  o f  p r o p e r t i e s  ( . X .
1
,  µ
1
) ,  ( . X . 2 ,  µ 2 )  a n d  t h e r m a l  
e x p a n s i o n  c o e f f i c i e n t s  ( a
1
,  a 2 ) ,  r e s p e c t i v e l y .  I t  i s  s u p p o s e d  t h a t  t h e  h e t e r o g e n e o u s  s p h e r e  
i s  s u b j e c t e d  t o  a  h y d r o s t a t i c  s t r e s s  P 2  o n  t h e  b o u n d a r y  r  =  b ,  a t  t h e  s a m e  t i m e ,  i s  
w a r m e d  u p  b y  t e m p e r a t u r e  T  ( i n  f a c t ,  t e m p e r a t µ r e  i n t e r v a l  6 . T  =  T  - T o  r e p r e s e n t s  
t h e  d i f f e r e n c e  o f  t e m p e r a t u r e s  a n d  T o  i s  i n i t i a l  t e m p e r a t u r e ) .  T h e r e  e x i s t s  a  p r o b l e m  t o  
t h i n k  o f  p r o p o s e d  i n h o m o g e n e o u s  s p h e r e  a s  a  c o m p o s i t e  s p h e r e  a n d  d e t e r m i n e  t h e  e f f e c t i v e  
t h e r m a l  e x p a n s i o n  c o e f f i c i e n t  o f  c o m p o s i t e  a s  a  f u n c t i o n  o f  c o e f f i c i e n t s  a n d  e l a s t i c  m o d u l i  
o f  c o n s t i t u e n t  p h a s e s .  
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3. GOVERNING RELATIONS 
Some governing relations of proposed problem are given in the spherical coordinate 
system as follows [3]. 
Because of symmetry, it is clear that the only non-zero displacement component is 
radius displacement ·ur. Moreover, it is a function of radius r. 
Ur = Ur(r) , uo = u'P = 0. (3 .1) 
By theory of thermoelasticity [3], we express the components of stress tensor in terms of 
displacements. · 
arr= ).J) + 2µErr - (3.A. + 2µ)cd~.T, 
aoe = a'P'P = NJ+ 2µccpcp - (3.A. + 2µ)a!:::..T. (3.2) 
Here e = dur/dr + 2ur/r and !:::..T = T - T0 considered as a constant in present work. 
Putting (3 .2) into equilibrium equation 
darr 2 · 
-d +-(arr - acpcp) = 0, 
r r 
we obtain the following differential equation for Ur 
d2ur + ~ dur _ 2 Ur = O. 
dr2 r dr r 2 
4. SOLUTION METHOD 
(3.3) 
. (3.4) 
As was mentioned above, the governing idea for solving recommended prnblem 'is that 
widenning results of Lame problem when consider the influence of temperature. Firstly; 
we separat~ly define the state of displacement and stress of particle and matrix phases of 
heterogeneous sphere. Then we define displacement and stress fields of composite sphere. 
By a fact that displacement on boundary of composite sphere is the same as that on 
boundary of matrix spherical shell, we obtain the objective of problem. 
4.1. Part of matrix phase 
In part of matrix phase (a ::5 r ::5 b) the displacement and stress are in forms 
(2) B2 u =A2r+- (4.1) 
r r2' 
a~;) = (3A.2 + 2µ2)A2 - 4B~µ2 - (3>.2 + 2µ2)a26.T . ( 4.2) 
r 
Introduction of <J~;) into boundary and surface conditions 
a(2) I = -p2 a(2) I = - p 
rr r=b ' rr r=a ' (4.3) 
(in fact, p is interaction stress between two phases), we define integration constants as 
well as displacement and stress in the matrix phase · 
(2) [pa3 - p2b3 1 "Tl (p - P2)a3b3 1 u = +a2u r+ -
r b3 - a3 3.A.2 + 2µ2 (b3 - a3)4µ2 r 2' (4.4) 
(2) _ pa3 - P2b3 (p2 - p)a3b3 1 . . . 
arr - b3 - a3 .,j- b3 - a3 r3 + (3A.2 + 2µ2)a28.T. (4.5) 
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4 . 2 .  P a r t  o f  p a r t i c l e  p h a s e  
I n  t h i s  p a r t  ( 0  : : : ;  r  : : : ;  a )  d i s p l a c e m e n t  a n d  s t r e s s  f i e l d s  h a v e  f o r m  
u ( l )  =  A 1 r  
r  '  
()~;) =  ( 3 > . 1  +  2 µ 1 ) A 1  - ( 3 > . 1  +  2 µ 1 ) c q ! : : : : . . T .  
B y  t h e  c o n t i n u i t y  c o n d i t i o n s  o f  d i s p l a c e m e n t  a n d  s t r e s s  a t  i n t e r f a c e  r  =  a  
u < + )  =  u < - )  o . ( + )  = a ( - )  
r  r  '  r r  r r  '  
w e  o b t a i n  t h e  f o l l o w i n g  r e l a t i o n s  o f  A i  a n d  i n t e r a c t i o n  s t r e s s  p .  
( 4 . 6 )  
( 4 . 7 )  
( K 2  +  4 µ 2 / 3 )  p 2 b
3  
- [  ( 3 K 2 b
3  
+  4 µ 2 a
3
) K 1 c q  +  4 µ 2 ( b
3  
- a
3
) K 2 n 2 ]  f : : : : . . T  
A 1  =  - ' "  u  ' , ,  .  '  ! a 3 ) K 1  +  4 µ 2 ( b 3  - a 3 ) K 2  '  (  4 . 8 )  
=  - K  ( 3 K 2  +  4 µ 2 ) p 2 b
3  
- 1 2 µ 2 K 2 ( b
3  
- a
3
) ( a 2  - n 1 ) ! : : : : . . T  ( 4  9 )  
P  
1  
( 3 K 2 b
3  
+  4 µ 2 a
3
) K 1  +  4 µ 2 ( b
3  
- a
3
) K 2  '  .  
w h e r e  K i  = A i +  2 µ i / 3  ( i  =  1 ,  2 ) .  
4 . 3 .  E q u i v a l e n t  h o m o g e n e o u s  s p h e r e  
N o w  w e  c o n s i d e r  e q u i v a l e n t  h o m o g e n e o u s  s p h e r e  h a v i n g  r a d i u s  r  =  b ,  p r o p e r t i e s  ( > . ,  µ )  
a n d  t h e r m a l  e x p a n s i o n  c o e f f i c i e n t  e x ,  s u c h  a  s p h e r e  i s  r e f e r r e d  t o  a s  a  c o m p o s i t e  s p h e r e .  
C o m p o s i t e  s p h e r e  i s  s u b j e c t e d  t o  a  h y d r o s t a t i c  s t r e s s  p 2  o n  b o u n d a r y  r  =  b a n d  i s  w a r m e d  
u p  b y  t e m p e r a t u r e  T .  
B e c a u s e  t h e  c o m p o s i t e  s p h e r e  i s  s o l i d ,  s o l u t i o n  f o r m  i s  s i m i l a r  t o  t h a t  o f  p a r t i c l e  p h a s e .  
u ;  =  A * r ,  
O " ; r  =  .( 3 > .  +  2 µ ) A *  - ( 3 > .  +  2 µ ) c x ! : : : : . . T .  
·  T h e  displaceme~t f i e l d  i s  d e f i n e d  f r o m  b o u n d a r y  c o n d i t i o n  
( 4 . 1 0 )  
(  4 . 1 1 )  
O " : r l r = b  =  - p
2  
'  
a s  f o l l o w s  
*  [  - p 2  ]  
.  U r =  
3
) .  +  
2
µ  +  c x ! : : : : . . T  r .  ( 4 . 1 2 )  
I n  f a c t ,  t h e  d i s p l a c e m e n t s  o f  c o m p o s i t e  s p h e r e  a n d  s p h e r i c a l  m a t r i x  s h e l l  a r e  t h e  s a m e ,  
s p e c i f i c a l l y  
u~2)1r=b =  u ; J r = b ·  ( 4 . 1 3 )  
P u t t i n g  e q u a t i o n s  (  4 . 4 )  a n d  (  4 . 1 2 )  i n t o  e q u a t i o n  (  4 . 1 3 )  t a k i n g  i n t o  a c c o u n t  (  4 . 9 ) ,  w e  o b t a i n  
t h e  f o l l o w i n g  e q u a t i o n  
.  P 2  [  ( K  +  4 µ 2 / 3 )  ( K 1  - K 2 ) a
3  
- ( K  - K 2 )  ( K 1  +  4 µ . 2 / 3 )  b
3
]  +  
+  [  K  K 2 ( 3 K 1 + 4 µ 2 ) ( n  - n 2 ) ( a
3  
- b
3
)  - K  K 1 ( 3 K 2  +  4 µ 2 ) ( n  - n 1 ) a
3
]  ! : : : : . . T  =  0 .  ( 4 . 1 4 )  
E q u a t i o n  ( 4 . 1 4 )  i s  s a t i s f i e d  f o r  a r b i t r a r y  p 2 ,  t h e r e f o r e ,  i t s  c o e f f i c i e n t s  m u s t  b e  z e r o .  
E q u a t i n g  t o  z e r o  t h e  c o e f f i c i e n t  o f  P 2  g i v e s  u s  r e l a t i o n  
K  =  K 2  +  ( K i  - K2)~ i  '  ( 4 . 1 5 )  
1  +  ( K 1  - K 2 )  ( K 2  +  4 G 2 / 3 ) - ( 1  - ( )  
An alternative method for determining the coefficient of thermal expansion .. . 
which is the same as Hashin's formula introduced in Christensen's wo~k [1] for determining 
the effective bulk modulus of composite of spherical particles. 
Then making the term independent of P2 to be zero, we obtain rela'tion 
( ) K1(3K2+4G2)~ a = a2 + a1 - a2 . , 
K2 (3K1 + 4G2) + 4(K1 - K2)G2~ (4.16) 
a3 
where ~ = b3 is the volume fraction of particle phase. 
We readily recognize that relation (4.16) is the same as Vanin's formula (1.12) for 
calculating the effective thermal expansion coefficient of composite material of spherical 
particles. It is a function of the coefficients, elastic moduli and volume fractions of two 
phases . · 
5. CONCLUSIONS 
By composite spheres model and using the theory of thermoelasticity, \ve have de-
termined the effective thermal expansion coefficient of two-phase composite material of 
sphercial reinforced particles. Our formula coincide with result obtained by Vanin and 
several other authors such as Hashin, Kerner , Fahmy and Ragai. Mathematically, we 
t hink that our derivation method is more simple than Vanin's and other authors' . More-
over, our results exactly represent the nature bf .heat transfer , specifically, the effective 
bulk modulus of composite is obtained as a corollary. F innally, this approach can be 
broadenned to composite cylinders model in order to reach the thermal expansion coeffi-
cients of fibre-reinforced composite material. 
Acknowledgment. This publication is completed with financial support of National 
Council for Natural Sciences. 
REFERENCES 
1. R. M. Christensen, Mechanics of Composite Materials, John Wiley and .Sons Inc, New York, 
1979. 
2. G. A. Vanin, Micro - Mechanics of Composite Materials, Naukova dumka, Kiev, 1985. 
3. Dao Huy Bich, The Theory of Elasticity, The Publishing House of Vietnam National University, 
Hanoi, 2001. 
4. Nguyen Hoa Thinh, Nguyen Dinh Due, The Composite Material - Mechanics and Technology, 
The Publishing House of Science and Technique, Hanoi, 2002 . 
5. S. Lemieux, S. Elomari, J. A. Nemes, M. D. Skibo, Thermal expansion of isotropic Duralcan 
metal-matrix composites, Journal of Materials Science 33 (1998) 4381-4387. 
6. A. A. Fahmy, A. N. Ragai , Thermal expansion behaviour of two-phase solids, Journal of Applied 
Physics 41 (13) (1970) 5108 5lll. 
7 . . D. K. Hale, Review the physical properties of composite materials, Journal of Materials Science 
11 (1976) 2105-2141. 
8. V. M. Levin, On the coefficients of thermal expansion of heterogeneous materials, Mekh. Tverd 
• I 
Tela (in Russian) 88 (1968). 
9. B. W. Rosen and Z. Hashin, Effective thermal expansion coefficients and specific heats of com-
posite m dterials, Int. J. Eng. Sci . 8 (157) (1970) 157 - 173. 
R eceived January 23, 2007 
Revised March 8, 2007 
6 4  N g u y e n  D i n h  D u e ,  H o a n g  V a n  T u n g ,  D o  T h a n h  H a n g  
M Q T  P H U O N G  P H A P  K H A C  D E  x . A c  D ! N H  H : ¢  s 6  G I A N  N O  N H I : ¢ T  C U A  
V 4 T  L I : ¢ u  C O M P O S I T E  V O I  C A C  H~T D O N  G A U  
V i \ i t  li~u c o m p o s i t e  c h r c , r c  S l r  d i , m g  n ) n g  r a i  t r o n g  n h i e u  k e t  c a u  hi~n d s i i  n h a  t i n h  U ' U  vi~t c u a  
n 6 .  Vi~c ~ghien c U - u ,  p h a t  t r i e n  v a  U - n g  d v . n g  lo~i v i \ i t  li~u n a y  n h i \ i n  Q U ' < , J C - S l f  q u a n  t a m  c u a  n h i e u  
n h a  n g h i e n  Cl r U .  V < % t  li~u c o m p o s i t e  v & i  c a c  h~t Q ( ; ) U  c a u  l a  m 9 t  lo~i v~t li~u d~ng l m & n g  G U ' < , J C  c a u  
t h a n h  t i r  p h a  n e n  l i e n  t v . c  v a  c a c  h~t d 9 n  c a u .  T r o n g  k y  t h u i \ i t  hi~n d s i - i ,  vi~c x e m  x e t  a n h  l m & n g  
c u a  nhi~t d 9  d e n  d 9  b e n  v a  d 9  o n  d i n h  c u a  c a c  k e t  c a u  l a  r a t  c a n  t h i e t .  D o  d 6  vi~c x a c  d [ n h  h~ s o  
c l a n  n &  nhi~t c u a  c o m p o s i t e  n h t r  m < ) t  h a m  c u a  c a c  h~ s o  d a n  n &  nhi~t v a  t y  l~ t h e  t i c h  c u a  c a c  v i \ i t  
li~li t h a n h  p h a n  l a  m 9 t  y e u  c a u  r a t  t h \ f C  t e .  T r o n g  b a i  b a o  n a y  c h u n g  t o i  g i & i  thi~u m < ? t  p h m m g  
p h a p  k h a c  n h a m  t h u  d t r q c  h~ s o  c l a n  n &  nhi~t c u a  c o m p o s i t e  h a i  p h a  d ( m  c a c  h s i - t  c a u .  K e t  q u a  
c u a  c h u n g  t o i  t r i m g  h o a n  t o a n  v & i  k e t  q u a  c u a  V a n i n  v a  m < ) t  s o  t a c  g i a  k h a c .  
(  
/  
